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Zeitschrift  Viatiara  h'ormon  Vsrmentforach  ,  1951.  ?ages  278-30/,  .  ^  r  . ,  „  ,  . 

hanson,  H.  and  Tannert,  S.  -  Investigations  on  dulfur-metaboliam.  1.  Reciprocal 
Action  of  Bacteria  coli  and  Cyatin,  and  a  Discussion  of  Ensymatic  Adaptation 

As  end-products  of  d-metaboiism  of  S-containing  amino  acids  in  animals  and 
man  appear  chiefly  sulfate  in  the  form  of  (a)  free  sulfates,  (b)  ester-sulfates, 
and  (c)  known  sulfo  acids  (taurine),  and  in  certain  microorganisms  oiou 
appears.  It  is  now  of  intersat  that  lately  the  evolution  of  H2S  has  been 
established  in  isolated  anixeil  organs  ( liver-sections,  liver-slurry,  and  liver- 
extract,  and  from  kidneys)  under  anaerobic  conditions  (1,  2,  3).  Under  aerobio 
conditions,  howevar,  practically  no  H2S  appears  from  the  same  organa.  Either 
the  H2S  formed  in  vivo  is  rapidly  oxidized,  or  else  -  and  thia  would  bring  the 
eituation  into  harmo.ty  with  the  "eoonomio  laws'1  of  the  metabolic  interred iaries  - 
no  H2S  ia  evolved  but  rather  an  oxidation  of  the  S  has  already  occurred  in  the 
organic  combination.  A  series  of  studies  favors  the  latter  possibility.  Grace  (4) 
Medea  establishes  that,  in  carbonate-bufier,  liver-seotion  and  also  kidney,  heart- 
muacle  and  other  organa  82*6  able  to  form  inorganic  sulfate  rapidly  from  cysteine; 
cystine,  sulfoxide  and  cyatein-aulf inlo  acid  (COOH..CH  (NHj)  CH2.SOOH).  Diveraeo-__ 
enzymes  were  held  responsible  for  these  activities.  A  similar  mineralization 
of  the  d  in  feeding  with  oyeteine-aulfinic  acid  with  pronounced  rise  of  the' 
rhlosulfate  liberation  in  the  urine  was  observed  in  rabbits  by  Fromageot,  et  al 
(3).  Rabbit-liver  slurry  can  form  no  thiosulfate  from  cysteine-sulf inic  acid, 
but  very  probably  can  form  sulfite”  According  to  the  findings  of  Barrenscheen 
(6)  an  oxidation  at  the  5  to  methionine-sulfoxide  is  necessary  to  permit  the 
Cftj-donor-function  of  the  methionine. 

The  above  mentioned  discoveries  of  the  HjS-fonaation  from  oysteine  by  liver- 
ilurry  aoi  livar-aaotiona,  and  the  assumption  of  a  liver-enzyme  which  transforms 
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the  cysteine  to  pyroracemic  acid,  NHj,  end  H2S,  do  not  jive  with  these  ideas 
that  a  mineralization  of  the  S  occurs  only  after  a  resulting  oxidation  in  the 
organic  molecule.  Sraythe  takes  the  stand  that  the  H^S  from  the  liver  under 
aerobic  conditions  partly  oxidizes  to  sulfate,  partly  becomes  polythlonate, 
and  partly  antera  into  the  formation  of  organic  moleoules,  for  example,  alanine, 
in  cyateine-forriatlon.  (C.  V,  Smythe)  (7) 

iiber ea a  no  doubt  axiald  that  the  K2S  is  a  metabolic  product  in  micro¬ 
organisms,  accordingly,  ooncsrning  the  H^-formation  in  the  animal  organism 
It  can  only  be  atated  that  H2S  has  been  obtained  up  to  non  only  from  isolated, 
excited,  and  therefore  more  or  leas  damaged  organs,  and  thus  perhaps  is  only 
the  product  of  aooeasory  metabolic  pathways,  which  do  not  normally  operate. 

Purely  formularily,  in  the  case  of  the  H2S-generetion  from  cyeteine,  in 
the  aaauraption  of  reaction-events  which  biologically  constantly  occur  (Hydrolysis 
I,  Reduction  II,  Oxidation  III),  produots  ere  given  whose  occurrence  in  the 
intermediary  metabolic  processes  are  in  part  demonstrated  (serine,  alanine), 
and  in  part  can  only  be  inferred  (aminoaldehyde  carboxylic  acid),  and  which  in 
the  oourae  of  metabolism  oan  undergo  further  changes  (deamination,  etc.). 


I.  C&j-CH-COOH 

i  | 

C^-CH-COOB 

l  * 

1  > 

SH  WH2  ♦  HgO 

yields 

OH  NH2  «■ 

II.  ch2-ch-cooh 

1  1 

CHj-CH-COOH 

SH  NH2  H2 

yields 

NH2  ♦  H2S 

III.  gk2-ch-cooh 

1  1 

C-CH-COOH+ftjS 

SH  NH2  ♦  0 

yields 

Y  1 

NHj 

O 
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When  omithe,  for  example,  establishes  that  a  liver  enzyme  permits  the 
evolution  of  from  cysteine,  in  addition  to  pyrorneemio  acid  and  ammonia, 
thus  is  shown  no  more  the  connection  with  alanine  as  the  ami  rat  ion- product  of 
the  pyroracemic  aoid.  Fromageot,  et  al  (1),  in  the  liver  desulfurase  activity, 
find  no  -formation;  they  establish  variously,  in  the  cysteine-breakdown, 
cystine,  in  addition  to  H^,  and  they  maintain  that  an  intermediate  formation 
of  alanine  rather  than  serine  is  probable.  According  to  Desnuelles  and  Fromageot 
(8)  a  oysteinase  in  Baot.  coli  breaks  down  cysteine  and  oystine,  with  the  form¬ 
ation  of  H^S,  NH^,  forr.io  acid,  and  acetic  aoid. 

It  is  now  of  interest  that  in  the  investigation  which  Modes  and  Floyd  (4) 
pursued  concerning  the  break  down  of  S-containing  amino  acids  by  the  liver,  H2S 
did  not  appear;  nor  was  it  mentioned  aa  an  intermediate.  The  discovery  by  Smythe 
(7)  that  under  anaerobio  conditions  the  liver-section  can  form  I^S  from  cystine, 
led  kedes  and  Floyd  to  the  break  down  of  intermediate  thiosulfurio  acid  and 
J‘2S02*  "ithout  their  actually  having  experiments!  evidence  for  this  assumption. 

Their  experiments,  using  the  Warburg-method  with  rat-liver  under  aerobic  conditione, 
lead  thorn  to  the  view  that  the  5h'-groupe  of  the  cysteine  then  would  be  oxidized, 
with  water-deposition  and  concomitant  dehydration,  to  cysteinesulf inio  acid  (A50IO, 
with  the  aid  of  a  cysteine-oxidase  which  transforms  itself  to  sulfinic  acid  (RSOOH) 
and  cysteine  (2  R30H  yields  RSOOH  +  RSH) ,  Cysteine  sulfinic  acid  would  then  be 
split  enzymatically  (sulf inic-oxidase)  into  an  organic  residue  and  an  inorganic 
sulfate  (formed  through  further  oxidation).  Another  pathway  of  cysteine-oxidation 
would  be  through  the  formation  of  cysteine-acid  (cysteine-oxidase  b) .  In  in-vivo 
and  in-vitro  tests  cystine  forms  gulf ate  slower  than  it  does  cysteine;  also  the 
formation  of  cystalne-acid  oooura  slower  than  that  of  cystine.  The  idea  emerges 
that  in  contrast  to  previous  assumptions  the  cystine  is  not  turned  reductively 
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into  cysteine  but  hydrolytically  to  aysteina  and  cystinesulfinic  acid  (IV). 


IV.  CH^-CK-COOH  Cli^-CH-COOh 

S  SH  i.k2 

Ii 

+  C  yields 

S  hH2  H  .  SOH  ^  NEj 

0 

CHa-Ch-C00H  CH2-<JH-COOH  yiolds  H2S  4  C-CH  .  COOH 
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The  authors  assume  a  non-enzyaatlc  hydrolysis.  That  must  at  first  seen 
doubtful, .  if  one  considers  the  disregarded  tests  of  A.  bchoberl  (10),  K.  Bloch 
and  H,  T, C  larke  (11),  and  J,  Routh  (12)  concerning  the  in-vitro  hydrolysis  of 
oystine  and  the  changes  of  oysteine  ir.  aqueous  eolution.  Cysteine  shows  Itself 
to  be  more  stable  than  cystine  in  heating  in  alkaline  solution.  However,  under 
conditions  (several-ho .  heating  in  strong  alkali)  the  cystine  would  hydrolyze, 
at  pH  which  would  be  far  higher  than  any  encountered  in  the  organism.  Then 
cystine-hydrolyaie  in-vivo,  whether  enzymatic  or  not,  Must  remain  as  undemon¬ 
strated.  Since,  in  the  in-vitro  hydrolysis  of  cystine,  over  the  rapidly  wider 
dlsoroportioning  of  the  sucouobing  sulfinic  scid,  JL,S  is  formed  in  addition  to 
the  aldehydic  and  keto-oompoundlng,  detection  of  in-vivo  hydrolysis  of  oystine 
is  perhaps  more  likely  if  the  conditions  of  the  H^jS-formatioa  from  cysteine- 
cystine  in-vivo  and  the  character  of  the  compounds  regaining  after  HL^S-splitting 
were  more  accurately  sought  to  be  grasped.  The  assumption  of  l^S-formation  from 
cysteine  or  oystine  does  not  necessarily  entail  a  special  HgS-splitting  enzyme, 
but  can  be  explained  by  the  assumption  that  in-vivo  or  under  aerobic  conditions 
in  the  fully  intact  organ  the  sulfinic  acid  is  further  oxidized  at  the  S  to 
but  that  in  the  use  for  example  of  liver-slurry  the  enzymatic  break  down  to  the 
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sulf inic-acid-etuff  is  the  final  step.  In  this  oase  the  sulfinlc  acid  is 


disproportionate  under  E^S-formation  without  speoial  ferments.  The  otherwise 
very  difficult- to- unc^er stand  situation  can  be  explained  thus,  whereupon  the 
liver  oxidizes  cysteine  at  the  sulfur,  however,  even  still  Bhall  possess  an 


enzy-no  to  split  from  cysteine. 

The  previously  published  researcher  on  living  material  do  not  permit 


certain  ccnclusion  regarding  the  role  of  sulfinic-acid  or  other  reaction  forms 


of  3-cont  ijr.tng  amino  acids.  We  are  not  certain  about  the  first  point  of  attack 


in  the  biological  S-oxidation,  nor  do  we  know  in  which  way  t...  amino  group  or 


other  certain  intermediate  product  of  cysteine,  for  example  those  with  aldehyde- 
or  keto-groups,  passes  in  reaction  with  still  S-oontaining  intermediate  products, 
and  we  do  not  know  whether  or  to  what  extent  the  amino  group  in  the  cyeteine  or 


cystine  is  necessary  for  reaction  at  the  S. 


Before  we  go  into  our  researches  concerning  the  role  of  the  liver  in  S- 


intormediary  metabolism,  we  have  to  deal  with  the  conditiona  of  H2S-formation 


from  cyeteine  or  oyatine  by  bact.  coli.  On  the  basis  of  data  in  the  "Handbuch 


der  Axperimenteilen  Baktenologie  und  Inrektlonskrankungen"  (by  Kollo  and  Hetsch 


(22)),  and  the  "Handbuch  der  Pathogenen  Kikroorganismen"  (hy  Kolle,  Kraus,  and 
bhlenhuth  (23))  we  could  assume  that  this  microorganism  has  no  or  quite  l'-ltod 


capacity  for  H2S  production.  But  as  we  have  ahown  with  certahty,  Bact,  coli 


produces  H2S  in  considerable  amounts  from  the  cysteine  and  cystine.  Here  J.t  is 


more  proper  to  assume  a  speoific  H^-aplitting  enzyme,  than  it  was  according  to 


the  investigations  of  the  liver.  We  presently  report  observations,  which  make  it 


imperative  that  we  go  rather  thoroughly  into  the  question  of  the  dependency  of  the 


enzyme-formation  and  easyme-oo. oentration  of  the  substrate.  The  present  first 


part,  in  addition  to  methodioal  data,  ooncerns  these  investigations.  We  must 


i*  mirtisrtnwmirtHi  1  w  mMslemw- 


likewise  bring  out  (what  every  baotariologiat  knows)  that  the  Baot,  ooli  ahow 
.  A 

a  variability  in  their  metabolic  properties  wnioh  sometimes  make  necessary 
time  consuming  investigations  and  testing  as  to  whether  the  baoteria  being  used 
are  "bonafide"  Baot.  coli. 

METHOD 

m 

General  Discussion 

1,  Obtaining  and  handling  of  the  Bact.  coli. 

Coli-bacteria  were  uaed  which  were  freshly  isolated  from  human  feces 
and  which  were  tested  for  the  characteristic  coli  biochemical  properties.  For 
the  maintenance  of  the  oonetance  of  their  strain  properties  they  wore  transferred 
to  eohrag-agar  (slanted  agar)  from  time  to  time.  From  this  ground-strain  were 
innoculated  the  incubation-flasks,  whlah  mostly  contained  100  co  bouillon  with 
1%  gluoose,  or  glucose,  or  sugar-free;  they  were  incubated  at  37°  for  4&  hours. 
So  far  as  the  nutrient-bouillon  contained  sugar,  the  pH  of  the  solution  fell  to 
about  4.3,  meaeured  with  Lyphan-paper.  The  growth  in  the  Liebig-bouillon  without 
sugar  showed  no  pH  drop.  4  variously  observed  inactivation  of  the  coli  with 
regard  to  the  cystine-breakdown  we  traced  to  an  injury  due  to  too  long  exposure 
to  the  low  pH.  By  regulating  the  pH  during  incubation  by  buffering  with  NaHlOj 
we  stopped  the  loss  of  this  activity.  The  first  good  growth  must  be  conveyed  to 
agar  plates  from  want  of  material.  After  incubation  the  bouillon  is  centrifuged 
well,  the  liquid  poured  off  in  euoh  tost,  where  by  more  thorough  washing  is  not 
remarked,  in  suspended  in  reduced  Reichenbach-sol'n  (5  g  lact-ose,  5  g  NaCl,  2.5  g 
Na^HFO^,  water  to  1000,  no  peptone,  no  esparagin  arid  no  ezolithmin),  later  only 
Still  in  m/30  phosphate-buffer.  Eventually  thorough  washing  with  m/30  buffer  took 
plaoe.  The  suspending  of  the  bacteria  occurred  in  such  a  way  that  the  micro- 
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organisms,  which  hod  dovoloped  in  100  cc  nutrient,  wore  suspended  after  centri¬ 
fuging  in  15-20  cc  pnosphate-buffer.  For  similar  coil-concentration  in  the 
single  starts  a  test  series  would  thereby  provide,  that  tb.e  contents  of  the 
single  incubation  flasks  (100  cc)  be  centrifuged,  the  liquid  poured  off,  and 
that  the  coli  bacteria-containing  sediment  of  the  centrifuge  tube  be  suspended 
in  some  phosphate  buffer.  The  entire  coli  amount  was  then  placed  In  a  lit ss- 
cylinder  with  the  amount  of  phosphate-buffer  directed  by  the  above  directions, 
2,  Test  set-up  with  Bact.  coli. 


The  ooli-suspension  prepared  as  directed  above  was  tested  as  to  its 
capability  (and  the  conditions  necessary)  to  break  down  (liberate)  h'Hj,  i^S, 
and  variously  CO2  from  various  substrates,  s.  that  thess  and  certain  other  break¬ 
down  products  of  the  substrates  would  be  detoctible  in  the  media.  To  this  end 
the  bacterial  suspension  was  pipetted  Into  a  pyriform  50  cc  volumetric  flnak 
with  ground  stopper  in  wlich  was  added  the  substrate  to  be  tested  in  substance 
or  in  phosphate  buffer.  At  the  same  time  as  control  testa  set  up  (plus  oystelne 

minus  bacteria  or  plus  bacteria  minus  cysteine)  were  set  up  by  filling  up  with 

phosphate  bluffer  sul'n  similar  volumes  of  the  single  test  starts.  The  further 
test  set-ups  are  shown  in  Figure  1. 

For  C02-deterraination,  a  third  absorption  flask  with  Ba(0H)2  was  inserted 
after  thw  iVF-j,  which  then  to  be  sure  was  loaded  with  acidified  CuSO^-sol'n  fer 

the  absorption  of  HgS  and  the  better  transmission  of  CC^. 

The  apparatus  was  set  up  so  that  M2  was  bubbled  through  the  flasks  at  the* 
rate  of  45-60  bubbles  per  minute.  At  this  rate  by  the  end  of  the  16  hour  test 
time  all  the  gaseous  metabolio  products  had  been  liberated,  without  residue,  and 
absorbed.  We  convinced  ourselves  of  this  ty  intercalate  of  wash-flaaks  and  by 
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interohAnge  of  2  wash-flaska  with  the  same  absorption  material.  In  the  shorter 
test  tine  in  whioh  the  rate  of  bubbling  was  not  sufficient  to  leave  any  residue, 

N 2  was  passed  through  nuoh  fester  et  the  end  of  the  test  time.  V/ here  the  pH  of 
the  reaction  flask  was  not  favorable  to  tho  liberation  of  the  gaoeoua  metabolic 
products  (i.e,,  pH  too  high  in  hjS-  end  COj-testa),  or  when  the  metebollo  pro- 
oess  was  to  be  cut  off,  the  reaction  flask  was  acidified  with  5  co  20%  ti ichloro- 
acatio  acid  and  or  air  was  bubbled  through  rapidly  for  30  minutes.  Also  here 
we  have  convinced  ouraelvea  that  one  abaorption  flask  is  sufficient  to  take  out 
the  gaseous  metabolio  products.  In  modal  testa  we  found  in  the  aaoond  absorption 


flask  no  more  than  a  traoe,  for  example  of  cadmium  sulfide,  which  was  not  even 


is  alkali  pyrogallol-sol' n  (for  0^-  and  COj -absorption ) . 

S:  is  sulfuric  acid  (for  NH^-absorption) . 

THs  ia  thermostat  to  maintain  37°. 

R»  la  reaction  flask, 

T:  is  funnel  tube  for  adding  substances  ( trichloroaoetio  acid,  aeda). 

WF ^ :  contains  n/20  aulfurio  sold  (for  -determination) . 
contains  cadmium-acetate  (for  Hj>S  absorption). 

3.  -determination. 

For  the  determination  of  the  liberated  NHj,  the  NH^  was  distilled 
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(after  alkalisati  >n  of  the  test  flask  with  10  cc  15$  soda  sol'n,  NaOH  being 
avoided  to  avoid  secondary  NH-j-fcrmation)  in  an  absorption  bulb  with  n/20 
sulfuric  acid  at  a  temperature  of  40°  at  the  highest,  and  in  this  bulb  was 
determined  step-photometrically  by  the  Ness ler- process  using  a  Filter  S-43. 
The  most  favorable  conditions  for  the  quantitative  NH^-measurement  were 
established  in  trials.  It  was  found  that  under  the  conditions  stated  the  NH^ 
was  to  be  determined  quantitatively  only  in  vacuum-distillation.  This  was 
accomplished  using  the  methods  of  G.  W,  Puchei',  <J.  P.  Viokerey,  ond.C.  S. 
Leavenworth  (13).  (See  Table  I) 

Table  I 

Trial  Tests  for  NHj -determination 


Test-sol'n 


Qnpty  distillation 
value  (TJTC) 

NH4CI  0.5  cc 
HH4CI  1.0  cc 
NH4CI  1.5  cc 
NH4CI  2.0  cc 
3  co  ferment-sol' n 
3  cc  ferment-sol' n 
plus  1  cc  NH4CI 

5  co  ferment-sol' n 
5  cc  ferment-sol' n 
plus  1  cc  NH4CI 

10  cc  ferment- sol 'n 
10  co  ferment-sol 'n 
plus  1  oc  NH^Cl 


est.  NHj- 
content 
in  mg. 

NH^-determinat. 
in  mg,  j  %  of 
_ _ _ 1  .input _ 

0.02 

r  _ 

0^333 

0.330 

99 

0.666 

0.634 

95 

0.999 

0.946 

95 

1.333 

1.336 

101 

aw 

0.218 

«• 

0.884 

0.816 

92.3 

0.330 

0.996 

0.912 

92 

0.609 

1.275 

1.266 

99 

Remarks 


Emp.  dist-value  not  det. 
From  found  NH^-content 
of  ferment  sol'n  plus 
0.666  mg,  NH3 
Emp.  dist-value  not  det. 
From  found  NH^-content 
of  ferment  sol'n  plus 
0.666  mg.  NH3 
Emp.  dist-value  not  det. 
From  found  NHj-oontent 
of  ferment  sol'n  plus 
0.666  mg.  HH3 
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by  the  single  "empty-distillation-value"  given  in  the  Table  is  meant  the 
value  of  the  Nessier-reagent  mixture  alone,  which  was  mixed  up  fresh  for  this 
test.  It  must  again  be  pointed  out  thRt  in  the  case  of  several  measurements  of 
the  i'.M'  evolution  "empty-distillat .on- values  already  had  occurred  which  in  their 
dependence  on  the  use  of  soda  solution,  gave  values  equal  to  distilled  water  or 
even  a  little  less.  It  was  thus  co.iu'-on,  above  all  when  we  used  new  soda  solution 
and  new  phosphate  buffer  solution  (or  water  which  on  the  basis  of  the  qualitative 
N-test  was  not  entirely  pure),  to  carry  out  HH3 -a e terminations  using  only  the  used 
solutions  without  adding  bact,  coli  or  substrates  under  conditions  similar  to 
those  of  the  primary  test.  That  no  NRj  was  liberated  from  cystine  under  the 
chosen  conditions  (24  hour.,  at  37°  in  or  air  at  various  pH,  then  alkalization 
with  soda  solution  at  40°  bath  temperature  and  vacuum  of  12-15  mm  %.)  is  obvious 
from  the  data  in  Table  II,  which  gives  similar  values  of  the  different  empty- 
distribution  values,  and  which  demonstrates  that  when  the  reagent  solutions  are 
made  up  fresh  the  empty  values  should  be  redetermine  *  and  should  be  taken  into 


consideration  in  computing  the  Nri  -liberation  from  cystine. 


Table  II 


- r 

2.4  mg 

Cyetirte-empty-dist illation- values 

Experimental 

10  cc 

10  00 

cystine  in 

without  correcting  for  the 

Ingredients 

water 

phosphate 

10  cc  phos- 

H,0 

'-and 

iO, -empty  values 

buffer 

phate-buffer 

19.X. 

23.X. 

6. All. 

pH  3.8 

pH  6.0  dK  3.0 

J 

■X  6.7* 

oH  6.7** 

■He* 

♦  -Ml- 

I 

ii iii-j  fo-ud 

0.039 

0.0C3 

0.001 

i  0.02 

0.031 

0.037 

0.03 

0.023  | 0.034 

in  mg  cp.  1- 

1  , 

( 

j 

eulcted  on 

ix*  .;h-- 

J 

i 

liberation 

J 

from  2.4 

1 

1  ! 

mg  cystine 

1 

1 

.  E* 

i  j 

1  1 

*  Corrected  for  water  volute 
**  Corrected  for  Phosphate  and  water  values 
***  Using  fresh  soda  solution 


tiesslcr-test:  contents  of  the  Vi?  (10  cc  n/20  sulfuric  acid)  transferred 
to  50  cc  volumetric  flasks,  almost  neutralized  with  carbonate-free  n/20  soda- 
lye,  and  filled  to  the  mark  with  water.  An  aliquot  was  .‘Joss!  er-tested.  Then 
(depending  on  dH^-content)  5  or  10  cc  of  this  was  transferred  to  a  25  cc  volu¬ 
metric  flask,  to  which  was  added  2.5  cc  of  a  mixture  of  the  Nessler-reegent 
(l  part  solution-A  (potassium  mercuric  iodide)  and  5  parts  solution-b  (2.78  n 
carbonate-free  soda-lye)),  filled  up  with  water,  and  then  with  Filter  S-43, 
using  the  1  cm  Cuvette  in  the  step-photometer,  a  measurement  of  -content 

a  2 

obtained.  Although  no  scree n-collo id  was  used  in  the  Nesslerizution  to  maintain 
the  clarity  of  the  solution,  the  determinations  were  only  rarely  messed  up  by 
turlidity.  If  the  qualitative  preliminary  test  showed  relatively  high  NHj- 
content,  the  solution  WS3  diluted  with  water  so  that  a  reading  could  be  obtained 
in  tne  photometer,  and  correction  was  made  for  the  dilution.  The  dilution  of  the 
measuring  solution  was  such  that  the  extinctions,  using  the  1  cm  Cuvette,  lay 
between  0.1  and  0.5. 

4.  H^S-determination, 

As  in  -determination,  was  bubbled  through  the  apparatus  for  the 
determination  of  (See  Figure  l)  The  NHj-absorption  flask  was  situated 

after  the  second  absorption  flask  (with  10  cc  0. 4-0.8%  cadmium  acetate  solution) 
which  we  adjusted  to  pH  7-7.5  with  a  drop  of  soda-lye.  In  the  tests  with  pH- 
values  of  7-8.5  in  the  reection  flask,  toward  the  end  of  the  test  the  reaction 
flask  was  acidified  with  5  cc  5-n  XI  or  5  cc  20%  trichloroacetic  acid,  and  a 
rapid  bubbling  of  Nj  or  air  for  30  minutes  resulted  in  a  complete  recovery  of 
the  H,S.  The  CdS-suspension  of  the  absorption  flask  was  transferred  into 
accurately  measured  rv'lOO  iodine  solution  (5-10  cc),  which  was  acidified  with 
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2  co  2-n  HG1,  and  was  titrated  with  n/100  N“2S2®3'  In  trials  with  ^2$ 
solution  we  ascertained  the  limits  of  variation,  which  we  used  in  computing 
the  values  (Table  III).  Whan  the  .teat  was  continued  8  hours  or  more  we 
observed  deviations  from  the  theoretical  values,  which  induced  us  to  assume 
certain  divergences  in  the  compared  values  only  in  the  case  of  differences  of 
more  than  20%.  The  Cd-acetate  preparation  showed  a  alight  iodine  loss  when  it 
was  left  standing,  and  this  was  taken  into  account. 

Table  III 


— 

S-content 

H-S  precipitated  by  acidification  i 

after  Cd  S- 

Solution 

S-content 

precipitation 

2  hra.  N~ 

4  hra.  Jig 

8  hra.  N2 

21  hra.  li2 

used 

cc 

oc 

oc 

cc 

CC  i 

oc 

n/ 100  mg  S 

n/100  mg  S 

n/100  mg  S 

n/100  1  mg  S 

n/ 100  !  mg  S 

n/100  mg  S 

iodine  * 

iodine  ** 

iodine 

iodine! 

iodine ! 

iodine; 

loo  I  1.34  0.2l|  1.46  0,23  1.53  O.24  1.44  0.23  1.19  0.19  11.58  0.25 


2  co  (  2.58  O.i 


2.65  0.43  2.42  0.39  2.57  0.41  2.58  O.4O  2.35  (0.37 


4  cc  5.17  0.83  .  5.09 


4.98  0.80  4.85  0.72  4.75  0.76  4.74  0.75 


*  By  direct  titration  of  the  sulfide-solution  without  separation  of  the  CdS. 

**  The  Gd-acetaoe-empty-value  was  determined  for  example,  using  10  oc  Cd-acetate 
0.24  cc  n/100  iodine. 

***  Separation  of  the  H^S  by  addition  of  5  oc  5  n  ffil,  30  minutes  ventilation. 
Collection  of  HgS  in  Cd-acetate  solution. 

5.  Example  of  the  production  of  an  f^S- liberating  solution  from  3act.  coll, 

1000  cc  bouillon,  variously  thinned  with  1000  oc  water,  and  eventually 

frith  addition  of  dextrose)  innoculated  with  Beet,  coli  from  agar  culture,  and 

incubated  48  houra  at  37°.  Coli  bacteria  centrifuged  20  minutes  at  3500  rpm,  the 

liquid  poured  off,  then  the  coli  bact.  (the  residue)  suspended  in  250  cc  m/'3Q 

B0  -buffer  pH  6.7.  .Allowed  to  work  on  cystine  (4  Eng)  at  37°  with  N  -bubbling 
4 

for  24  hours.  In  most  cases  great  ^S-build-up,  up  to  99^  of  the  S  of  the  cystine 
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being  recovered  as  H^.  For  example,  when  centrifuged  two  hours,  10  cc  of 


the  supernatant  liquid  put  with  2.4  mg  cystine  and  bubbled  through  for 
o 

24  hours  at  37  ,  0.351  mg  of  sulfur  was  reoovered  as  (55S  of  the  3  in  the 
cystine),  under  the  same  conditions  10  cc  of  the  supernatant  without  the 
addition  of  cystine  produced  no  whatever. 

It  should  be  brought  out  that  at  times  there  were  failures  in  the  pro¬ 
duction  of  the  "ferment  solutions".  We  thought  that  at  times  the  coli  bact, 
form  no  f^S.  But  then,  through  pH  control,  it  was  established  that  the  in¬ 
cubation  flask  was  too  aoid  (pH  less  than  4.2),  that  alao  the  coli,  by  lying 
too  long  in  the  acid  solution,  had  apparently  lost  their  f^S- libera ting  function. 
Or,  at  least,  if  they  had  indeed  produced  H^S,  at  least  we  were  not  able  to 
detect  it  in  the  supernatant.  We  have  not  bean  able  to  explain  thia  phenomenon. 

Results 

a.  Direct  affect  of  Bact.  ooli  on  cystine  or  cysteine. 

In  the  described  method,  the  coli  baot.  were  at  first  suspended  in 
Reichenbach's  medium  (but  with  jag  addition  of  a  nitrogen  source).  Later  we 
used  exclusively  m/15-m/30  phosphate-buffer  (pH  6.7),  since  it  fcaoama  apparent 
that  in  lactose-  or  glucose-containing  med-a  (through  the  ability  of  the  bact.) 
oocurrea  a  pH-drop  which  also  stopped  the  break  down  of  the  cyatine  (whioh  we 
had  investigated),  although,  as  shown  especially  by  culture  experiments,  the 
growth-ability  of  the  coli  bact.  was  not  impaired.  Thia  discovery  (phenomenon) 
compares  favorably  with  the  brief  observations  of  Thiele  and  Deckart  (2l), 
according  to  whom  the  very  low  pH  impaired  not  only  metabolism  but  also  indole- 
formation,  ac  that  (to  be  sure)  the  authors  speak  clso  of  s  diminuation  of  the 


H 

l- 

t 


l 

i 

I 

! 

J 


O 


13 


growth  and  reproduction  abilities  of  tho  microorganisms.  The  solution  of 
cysteine  or  cystine  in  the  3ub3tar.ee  or  in  phosphate  buf  er,  and  the  addition 
of  media,  leads  almost  regularly  to  end  NT^-buildup,  An  example  is  shown 

in  Table  IV,  The  H^-builcup  occurs  faster  when  cysteine  is  used.  But  definite 
significant  distinctions  could  not  be  established  with  respect  to  the  maximal 
H^-formrttion.  most  of  the  tests  cystine  was  used,  proceeding  on  the  assump¬ 
tion  that  when  is  liberated  from  cystine,  the  liberation  must  be  much  the 

same  if  cysteine  is  substituted  for  cystine.  It  remains  still  to  be  tested 
whether  in  the  somewhat  rare  cases  in  which  the  coll  bact.  produce  no  H2S  from 
cystine,  they  could  produce  it  from  cysteine,  or  whether  conditions  can  be 
found  out  under  which  coli  bact,  liberate  HjS  only  from  cysteine,  not  from 
oystine.  By  the  uae  of  smaller  amounts  of  cystine  (instead  of  24  mg  only  2.4  mg) 
it  may  be  that  the  liberated  NH3  oan  only  partly  come  from  the  cystine,  that  a 
smaller  proportion  must  come  from  other  N-containing  substances  of  the  coli  bact., 
but  from  these  were  then  first  liberated,  when  bact.  coli  can  react  with  cystine. 
The  comes  always  from  the  added  cystine.  Table  V  demonstrates  that  (measured 
as  the  N-content  of  their  protoplasm)  the  coli  bacteria  in  7  times  greater  con¬ 
centration  liberated  the  same  amount  of  H2S  as  the  bact,  coli  at  lower  concentra¬ 
tion,  but  that  the  NHj -formation  rose  as  the  ooli  concentration  rose.  The  first 
cystine  addition  (supplement)  appears  as  the  initiator  of  the  NH^ -liberation  from 
no  oystlne-N-aubstances ,  because  the  coli  suspensions  without  cyatine  form  only 
insignificant  amounts  of  NH  (see  Table  V), 


